We consider the α-T3 model which provides a smooth crossover between the honeycomb lattice with pseudospin 1/2 and the dice lattice with pseudospin 1 through the variation of a parameter α. We study the dynamics of a wave packet representing a quasiparticle in the α-T3 model with zero and finite transverse magnetic field. For zero field, it is shown that the wave packet undergoes a transient zitterbewegung (ZB). Various features of ZB depending on the initial pseudospin polarization of the wave packet have been revealed. For an intermediate value of the parameter α i.e. for 0 < α < 1 the resulting ZB consists of two distinct frequencies when the wave packet was located initially in rim site. However, the wave packet exhibits single frequency ZB for α = 0 and α = 1. It is also unveiled that the frequency of ZB corresponding to α = 1 gets exactly half of that corresponding to the α = 0 case. On the other hand, when the initial wave packet was in hub site, the ZB consists of only one frequency for all values of α. Using stationary phase approximation we find analytical expression of velocity average which can be used to extract the associated timescale over which the transient nature of ZB persists. On the contrary the wave packet undergoes permanent ZB in presence of a transverse magnetic field. Due to the presence of large number of Landau energy levels the oscillations in ZB appear to be much more complicated. The oscillation pattern depends significantly on the initial pseudospin polarization of the wave packet. Furthermore, it is revealed that the number of the frequency components involved in ZB depends on the parameter α.
I. INTRODUCTION
The conception zitterbewegung (ZB) stands for an outlandish quantum motion, of a Dirac particle in vacuum, having length scale of the order of Compton wave length. It was originally envisioned by Schrödinger in 1930 1 . The main obstruction to establish the existence of ZB in vacuum experimentally is its ultra-short length scale. However, a ray of hope was shown in 2005 when Zawadki 2 argued that a narrow gap semiconductor not only can host the intriguing phenomenon ZB but also the associated length scale can be enhanced up to five orders higher than that in vacuum. As a result, subsequent years witnessed immense interest in ZB in numerous systems 3 including spin-orbit coupled two dimensional (2D) electron/hole gases [4] [5] [6] [7] [8] [9] [10] [11] , superconductors 12 , sonic crystal 13 , photonic crystal 14, 15 , carbon nanotube 16 , graphene [17] [18] [19] [20] [21] , other Dirac materials [22] [23] [24] and ultra-cold atomic gases [25] [26] [27] [28] .
There exists several understandings behind the cause of ZB. It is believed that ZB happens as an outcome of the interference between positive and negative energy solutions of the Dirac equation. Huang 29 put forward a theory to establish a connection between ZB and electron's intrinsic magnetic dipole moment. Later, Schliemann 6 et al interpreted that ZB in a quantum well occurs as a consequence of spin rotation due to spin-orbit interaction (SOI). It is also mentioned 25 that the ZB can be interpreted as a measurable aftermath of Berry phase in momentum space. Moreover, for a multiband quantum system, an explicit relation between Berry curvature and amplitude of ZB was also established 30 . In general ZB has permanent character i.e. oscillations do not die out in time. When an electron is illustrated by a wave packet the resulting ZB undergoes a transient nature according to Lock 31 . It is also proposed recently 9 that the permanent behavior of ZB in a spin-orbit coupled 2D electron gas can be restored by considering a time dependent Rashba SOI. Furthermore, an intriguing quantum transport related phenomenon such as minimal conductivity 32 of graphene was understood in the light of ZB. Very recently, Iwasaki et al 33 demonstrated experimentally that conductance fluctuations in InAs quantum wells occur as a possible consequence of ZB.
From the perspective of ZB, most of the studies in electronic systems are mainly concerned about the ZB of quasiparticles with spin/pseudospin S = 1/2. However, there exists an example which portrays ZB of spin-1 ultra-cold atom 26 . To the best of our knowledge no such example of ZB of a quasiparticle with spin/pseudospin beyond S = 1/2 exists in typical condensed matter systems. Hence, in this article we consider the ZB effect in a relatively new model named as α-T 3 model in which quasiparticles are characterized by an enlarged pseudospin S ≥ 1/2. The sole motivation behind adopting this model is due to growing interest in systems which are described by the generalized Dirac-Weyl equation with arbitrary pseudospin S [34] [35] [36] . Via the variation of a parameter α, the α-T 3 model reveals a smooth changeover from graphene (α = 0) to dice or T 3 lat-tice (α = 1). There has been a lot of studies in T 3 lattice from the standpoint of topological localization 37, 38 , magnetic frustration 39, 40 , Klein tunneling 41 , minimal conductivity 42 , plasmon 43 etc. Moreover, the existence of the T 3 -model within the framework of optical lattice 44 and semiconductor structure 45 is also predicted recently. In addition, the interest in α-T 3 model 46 is growing rapidly nowadays. According to Malcolm In this work we have investigated the problem of ZB of a quasiparticle in α-T 3 model. We choose an initial Gaussian wave packet with definite pseudospin polarization to represent a quasiparticle. For 0 < α < 1, the quasiparticle undergoes ZB which is transient in nature and consists of two frequencies, namely, 2Ω q and Ω q . The interference between conduction and valence band leads to occur ZB with frequency 2Ω q whereas the Ω qfrequency ZB occurs as a result of interference between either conduction and flat band or flat and valence band. The nature of ZB depends significantly on the type of the initial pseudospin polarization. Particularly, when the initial pseudospin polarization was along z-direction, various interesting features of ZB emerge. For example, when the initial wave packet was concentrated entirely in any of the rim sites the resulting ZB has two above mentioned frequencies for a finite α. In this case we reveal a transition from 2Ω q -frequency ZB to Ω q -frequency ZB as α is tuned from 0 to 1. When the wave packet was located initially in the hub site, the resulting ZB has only one frequency 2Ω q for all possible values of α. In the limit of large width of wave packet we obtain analytical expression for the expectation value of velocity operator from which one can extract the timescale over which the ZB dies out. We also consider the effect of other possible pseudospin polarization on ZB. In addition we incorporate the effect of an external quantizing magnetic field on the ZB. In this case the temporal behavior of ZB is permanent. The effect of different pseudospin polarization has also been discussed. Using Fourier transformation we obtain frequency components involved in ZB for a particular choice of pseudospin polarization. We also find that the number of frequencies present in ZB depends significantly on the parameter α.
Rest of the present paper is organized in the following fashion. In section II, we discuss zero field ZB by incorporating the basic informations about physical system, time evolution of wave packet, and rigorous calculations of the expectation values of physical observables. The effect of perpendicular magnetic field on ZB is considered in section III. We summarize the obtained results in section IV.
II. IN ABSENCE OF MAGNETIC FIELD
A. Lattice structure and low lying energy states
As depicted in Fig. 1(a) , α-T 3 model has honeycomb lattice structure with an additional site at the center of each hexagon. Each unit cell (shown by the dashed rhombus) contains 3 sites. With respect to the co-ordination number (CN), those sites are classified into two categories, namely rim and hub sites. As evident from Fig.  1(a) sites B and C are both rim sites having CN 3 whereas site A is known as hub site with CN 6. Note that each nearest-neighbor pair consists of one rim and one hub sites. The sites A and B are connected through hopping parameter t while hopping energy between A and C is αt. The low energy excitations near the Dirac point in a particular valley are described by the following
where f p = v F (ζp x − ip y ) with v F being the Fermi velocity. The valley index ζ takes a value +1(−1) for K(K ′ ) valley. Finally, following relation α = tan ϕ holds between α and ϕ. The energy spectrum corresponding to the Hamiltonian given in Eq. (1) consists of three branches. Out of them two are linearly dispersing ε λ k = λ v F k with λ = ±1 and k = |p|/ , known as conic band. The conic band itself consists of conduction band (CB) and valence band (VB) corresponding to λ = +1 and λ = −1, respectively. The other energy branch is dispersionless and is known as flat band (FB). All these energy branches are depicted in Fig.1(b) . The wave functions corresponding to conic band and FB around the K-valley are, respectively, given by
and
where θ is the polar angle of the wave vector k.
B. Velocity and pseudospin operators
From Eq. (1), using the relation v i = ∂H/∂p i with i = x, y, one can obtain the following components of the velocity matrix for the K-valley as
The x and y components of the pseudospin operator are governed from the velocity operators as
C. Time evolution of a initial wave packet
To study the dynamics of a quasiparticle, it is important to know the corresponding wave function at a later time t. In the following, we consider the initial wave function representing the quasiparticle to be a plane wave modulated by a Gaussian wave packet
where the wave packet a(k,
is centered at some wave vector k = k 0 and d is its width. Note that the wave packet was polarized initially along any arbitrary direction characterized by the constants c 1 , c 2 , and c 3 which are, in general, complex numbers. The normalization constant C is defined as
The wave function, at a later time t, can be obtained by applying appropriate time evolution operator onto Ψ(r, 0). We find the time evolved state as
where κ µ (k, t)'s, with µ = 1, 2, 3, are obtained from the following matrix equation
It is noteworthy that Eq. (8) is the Fourier transformation of the following function
Equation (10) represents the time evolved state in the momentum space which can be used to calculate the expectation values of various physical observables.
D. Expectation value of the velocity operator
The expectation value of a physical observable corresponding to an operatorÔ is defined as Ô (t) = dkΦ † (k, t)ÔΦ(k, t). Instead of evaluating the expectation value of position operator we prefer here to calculate that of velocity operator because the former is always obtained by integrating the later with suitable initial conditions.
Now the expectation values of the components of velocity operator can be obtained as
where
, and I ν (x) is the ν-th order modified Bessel function of first kind. Note that in Eqs. (14) and (15) there exist two frequencies namely Ω q and 2Ω q . The former is a result of interference between either FB & VB or CB &FB while the latter arises due to the coupling between CB & VB.
E. Various types of pseudospin polarization
We are merely interested in the dynamics of the Gaussian wave packet of different types of initial pseudo-spin polarization. Here, we will discuss all the possibilities corresponding to various combinations of c 1 , c 2 , and c 3 .
z -polarization
Here, we consider the wave packet was polarized initially along +z direction. In this case the possible combina-tions of (c 1 , c 2 , c 3 ) are (1, 0, 0), (0, 1, 0), and (0, 0, 1) corresponding to the eigen states of S z -operator. Physically for the choices (1, 0, 0) and (0, 0, 1) the initial wave function was concentrated solely in any of the rim sites while the choice (0, 1, 0) corresponds to the case in which the wave function was entirely located in the hub site initially. Let us now discuss all the possibilities one by one.
(i) First we consider c 1 = 1, c 2 = 0, and c 3 = 0 i.e. the initial wave packet was located in the rim site B only. From Eqs. (13), (14), and (15), after a straightforward calculation, we find v x (t) = 0 whereas v y (t) takes the following form
where (16) is an example of two-frequency ZB for a finite α. The interference between CB and VB leads to the first term in the square bracket in Eq. (16) while the second term is appeared as a consequence of the interference between either CB and FB or VB and FB. When α = 0 i.e. ϕ = 0 the second term in the square bracket of Eq. (16) contributes nothing to v y (t) . In this case the velocity average exhibits single frequency ZB determined from the interference between CB and VB which basically reminiscences the case of graphene. In the opposite limit i.e. for α = 1 we have ϕ = π/4. In this case, Eq. (16) retains only the second term in square bracket. Here, v y (t) performs single frequency ZB, determined from the coupling between either CB and FB or FB and VB. In other words, for α = 1, the interference between CB and VB is completely prevented by FB. The expectation value of position operator is obtained by integrating Eq. (16) with the initial condition: y(t) = 0 at t = 0. Evaluating the q-integral in Eq. (16) numerically for a = 5, we show the behavior of v y (t) and y(t) in Fig. 2 and Fig. 3 , respectively for different values of α.
Both figures clearly demonstrate a crossover from a ZB of frequency 2Ω q to a ZB of frequency Ω q with the smooth evolution of α from 0 to 1. In other words, as α approaches 1, the frequency of ZB gets reduced to half of the value corresponding to α = 0. It is difficult to comment on the frequency of ZB for 0 < α < 1. Due to the interplay of two frequencies, namely, 2Ω q and Ω q a complicated pattern is obtained for α = 0.4. It is worthy to notice that only one frequency either 2Ω q or Ω q roughly dominates when α is below or above the value α = 0.4. As evident from Fig. 2 and Fig. 3 , the resultant ZB is transient in character. To understand this transient behavior, it is possible to find an approximate analytical expression of Eq. (16) when the width of the wave packet is large enough i.e. for a ≫ 1. In this limit the modified Bessel function I 1 (2aq) can be approximated as phase approximation we obtain
Note that the presence of decaying exponential terms in Eq. (17) clearly explains the transient behavior of ZB. For α = 0 the ZB decays rapidly due to the presence of the term e −τ 2 in Eq. (17) . Here, the characteristic time scale corresponding to the decay in ZB amplitude is of the order of d/v F . When α = 1 ZB decays slowly in comparison to the α = 0. This behavior is justified by the presence of e −τ 2 /4 term in Eq. (17) . Here the characteristic decay time scale is 2d/v F . It is also evident from Fig. 2 and 3 , the second term within the square bracket in Eq. (17) dominates over the first term in the intermediate range of α i.e. 0 < α < 1.
(ii) Next, we consider another choice, namely, c 1 = 0, c 2 = 0, and c 3 = 1. In this case initially the electronic wave function was concentrated only in the other rim site C. Here we find v x (t) = 0 and
It is obvious from Eq. (18) that v y (t) = 0 when α = 0. This clearly contradicts the established results corresponding to graphene. However, the discrepancy arose here is apparent because we are dealing with pseudospin-1. For graphene the pseudospin component c 3 is completely absent. Hence, the results corresponding to graphene can not be correctly interpreted from Eq. (18) . For a finite α, comparing Eq. (16) and Eq. (18), one may say that choices (i) and (ii) impose twofold differences in ZB. Firstly, the amplitudes differ by a α-dependent factor, namely, sin 2 ϕ and cos 2 ϕ. Secondly, the second terms in the square brackets in Eq. (16) and (18) are different which may bring a phase difference in the oscillations. In the a >> 1 limit, we obtain
(iii) Finally, we consider c 1 = 0, c 2 = 1, and c 3 = 0. The physical meaning of this particular choice corresponds to the initial localization of the wave function at the hub site A. In this case, we obtain v x (t) = 0 and (20) It is transparent from Eq. (20) that ZB consists of only one frequency governed by the energy difference between CB and VB for all values of α. For this specific case, the FB contributes nothing to ZB. In the large a limit, we find
For all the choices of (c 1 , c 2 , c 3 ), we obtain v x (t) = 0 but v y (t) = 0. This implies that ZB occurs in a direction perpendicular to the direction of initial wave vector and pseudospin of the wave packet. Interestingly, we also note that the behavior of ZB is significantly dependent on the type of the initial pseudospin polarization of the wave packet. More specifically, when the initial wave packet was located entirely in any of the rim sites, as understood from Eq. (16) and (18), corresponding ZB consists of two frequencies for 0 < α < 1. But when the initial wave packet was in the hub site, we obtain single frequency ZB for all α as evident from Eq. (20) .
To establish all qualitative arguments made earlier we portray the time evolution of the expectation values of velocity and position operators in Fig. 4 for different  choices of (c 1 , c 2 , c 3 ) . For the plots we consider α = 0.5 and a = 5. As illustrated in Fig. 4 the ZBs in position and velocity corresponding to different choices clearly differ in phase and amplitude. The ZB corresponding to the choice (c 1 , c 2 , c 3 ) = (0, 1, 0) decays more rapidly than the other choices due to the structure of the Eq. (21) . Moreover, the ZB in position for (c 1 , c 2 , c 3 ) = (1, 0, 0) is negative while the ZBs for other choices are positive. 
x -polarization
Now, we seek to study the wave packet dynamics by considering that initial pseudospin polarization was in the x-direction. The operator S x has three eigenstates corresponding to the eigen values, namely, 0, ±1(in units of ). For those states we have following choices of (c 1 , c 2 , c 3 ), namely, (sin ϕ, 0, − cos ϕ), (cos ϕ, 1, sin ϕ), and (− cos ϕ, 1, − sin ϕ). In Fig. 5 the time dependence of the expectation values of position and velocity operators are shown corresponding to the above mentioned choices of (c 1 , c 2 , c 3 ) for a fixed α = 0.5. In contrast to the case 1, here both x(t) and v x (t) do not vanish for all choices of (c 1 , c 2 , c 3 ). When (c 1 , c 2 , c 3 ) = (sin ϕ, 0, − cos ϕ), both x(t) and v x (t) are zero. Corresponding to the remaining choices of (c 1 , c 2 , c 3 ), namely, (cos ϕ, 1, sin ϕ), and (− cos ϕ, 1, − sin ϕ) both x(t) and v x (t) are mirror image of each other individually. Although v x (t) shows a tiny oscillation as depicted in the insets of Fig.  5 (a) but x(t) exhibits a linear dependence with time ( Fig. 5(b) ). On the other hand the y-component of position and velocity exhibit the expected ZB oscillation. However, their amplitudes are much smaller in comparison with the case 1. Note that the amplitude of ZB in both x(t) and v x (t) for (c 1 , c 2 , c 3 ) = (sin ϕ, 0, − cos ϕ) are larger than that corresponding to the other choices. When (c 1 , c 2 , c 3 ) = (cos ϕ, 1, sin ϕ) and (cos ϕ, 1, − sin ϕ) the corresponding ZBs coincide with each other.
y -polarization
Finally, we consider the pseudospin associated with the initial wave packet was polarized along y-direction. Like S x the operator S y has also eigen values, namely, 0, ±1 (in units of ). In this situation the options of (c 1 , c 2 , c 3 ) are (sin ϕ, 0, cos ϕ), (−i cos ϕ, 1, i sin ϕ), and (i cos ϕ, 1, −i sin ϕ). Fig. 6 shows the behavior of ZB in position and velocity corresponding to those choices of (c 1 , c 2 , c 3 ). For this particular case, ZB appears only in y-direction. Different possibilities of (c 1 , c 2 , c 3 ) introduce a phase in the oscillation.
III. IN PRESENCE OF A MAGNETIC FIELD A. Energy spectrum
As a consequence of an external transverse magnetic field B = Bẑ, the continuous energy spectrum of the conic band is redistributed in the form of following Landau levels :
where λ = ±1 denotes either CB or VB, n = 0, 1, 2, ... is the LL index, γ B = √ 2 v F /l 0 with l 0 = /(eB) being the magnetic length and χ ζ = [1 − ζ cos(2ϕ)]/2. It is important to note that the magnetic field can not alter the fate of the FB. It still retains its zero energy states. Choosing the vector potential A corresponding to B in the Landau gauge as A = (−By, 0, 0), we find the conic band eigenfunctions corresponding to the K-valley as
for n > 0 and n = 0, respectively. Here, Φ n (y) = 1/(2 n n! √ πl 0 )e
, with y 0 = l 2 0 k x , is the standard harmonic oscillator wave function.
On the other hand, despite its zero energy the FB wave functions for K-valley are obtained as
for n > 0 and n = 0, respectively. Note that the states in the FB is infinitely degenerate.
B. Time evolution
Here we attempt to study the cyclotron dynamics of a quasiparticle represented by a wave packet. It should be mentioned here that we have considered the momentumspace wave packet in the case of zero magnetic field, but here we prefer to adopt position-space wave packet to circumvent calculation difficulties.
The initial Gaussian wave packet is chosen as
where p 0x is the initial momentum and the constants c 1 , c 2 , c 3 play the same role as mentioned in the case of zero external field. To find the wave packet at a later time t, we need to construct suitable propagator that can describe the desired time evolution. In this way we follow the Green's function technique given in Ref. [7] with appropriate modifications.
The time evolved wave packet can be found as
where the propagator or the Green's function is given by
The matrix elements of G(r, r ′ , t) are defined as
n,kx,m (r, 0), (30) where the time evolved state is given by ψ λ n,kx,l (r, t) = ψ λ n,kx,l (r, 0)e −iε λ n t/ . The corresponding matrix elements i.e. G lm 's can be found from the following equation
where f n (t) = A n cos(δ n t) + B n , g n (t) = −iC n sin(δ n t), h n (t) = D n (cos(δ n t) − 1), q n (t) = cos(δ n t), p n (t) = −iF n sin(δ n t), and r n (t) = B n−1 cos(δ n−1 t) + A n−1 with A n = n(1 − χ + )/(n + χ + ), B n = (n + 1)χ + /(n + χ + ), C n = n(1 − χ + )/(n + χ + ), F n = (n + 1)χ + /(n + χ + ), and δ n = γ B √ n + χ + / . Now using Eq. (27), (28), and (31), we find the wave packet at a later time t as
2 /2 and Σ ι (t, u)'s with ι = 1, 2, 3 are given by the following matrix equation
C. Expectation values
The expectation value of the velocity operator can be written in the following form as
where,
After a straightforward cal-culation we evaluate I 12 (t) and I 23 (t) as
D. Different choices of initial pseudospin polarization
Likewise the zero magnetic field case we discuss here the behavior of ZB for various choices of initial pseudospin polarization corresponding to the different values of c 1 , c 2 , and c 3 .
z -polarization
We consider the pseudospin associated with the initial wave packet is polarized along the z-direction. Similar to the zero field case, here we also have three distinct choices of (c 1 , c 2 , c 3 ), namely, (1, 0, 0), (0, 1, 0) , and (0, 0, 1). In the following we demonstrate how different choices of (c 1 , c 2 , c 3 ) lead to modify the structure of ZB.
(i) For (c 1 , c 2 , c 3 ) = (1, 0, 0) we find from Eq. (35) and Eq. (36)
Note that the products f * n+2 g n+1 and g * n+2 h n+1 are purely imaginary. As a result, we readily obtain from Eq. (34) that v x (t) = 0 and
(ii) For (c 1 , c 2 , c 3 ) = (0, 1, 0) we find v x (t) = 0 and
(iii) When (c 1 , c 2 , c 3 ) = (0, 0, 1), it is obtained that v x (t) = 0 and
A careful inspection of Eq. (40)- (42) reveals that the structure of the ZB appeared in velocity significantly depends on different choices of (c 1 , c 2 , c 3 ). In all cases the velocity average undergoes multi-frequency transverse ZB governed by the interference among different Landau levels. In Fig. 7 -Fig. 9 we portray the time dependence of the expectation values of velocity and position operators. With appropriate initial conditions taken into account corresponding position expectation values can be obtained by integrating Eqs. (40)- (42) . The actual initial condition is y = y 0 = k 0x l 2 0 at t = 0. To calculate y(t) we choose the following initial condition : y = 0 at t = 0. The expectation values of position operator as illustrated in Fig. 7 -Fig. 9 differ from their actual values at most by a constant shift y 0 . We perform all the calculations for a constant magnetic field B = 10 T for which the magnetic length scale becomes l 0 = 8.11 nm. We also consider the width of the wave packet as d = l 0 . Fig. 7 illustrates the ZB appeared in velocity and position for various values of α. In this case we choose (c 1 , c 2 , c 3 ) = (1, 0, 0) and k 0x = 2 × 10 8 m −1 . It is clear from Fig. 7 , the ZBs appeared in both position and velocity undergo perform permanent oscillations and oscillatory patterns depend significantly on α.
To plot Fig. 8 we repeat the calculations for a higher value of k 0x , namely, k 0x = 6 × 10 8 m −1 . In this case the ZB in position exhibits transient character. However, for ZB in velocity a highly oscillatory pattern is superimposed on the transient character. Note that the locations of maxima and minima are almost insensitive to α. Only the amplitude of ZB changes with α. Fig. 9 describe the behavior of ZB corresponding to different possibilities of (c 1 , c 2 , c 3 ) . For the plots, we have taken k 0x = 2 × 10 8 m −1 and α = 0.5. Here, the oscillatory pattern is significantly different for different initial pseudospin polarization.
x -polarization
Here, we consider that the initial wave packet was polarized along x-direction and the resultant behaviors are shown in Fig.  10 and Fig.  11 . As mentioned earlier we have following choices of (c 1 , c 2 , c 3 ), namely, (sin ϕ, 0, − cos ϕ), (cos ϕ, 1, sin ϕ), and (− cos ϕ, 1, − sin ϕ). In this case the values of parameters are taken as k 0x =2 × 10 8 m −1 , α=0.5, and l 0 =8.11 nm.
Interestingly we find that the x-component of the expectation values of velocity and position operators are non-zero as evident from plitude of v x (t) in the first case is greater than that in the second case.
On the other hand, the time dependence of the expectation values of y and v y are portrayed in Fig. 11 . Both y(t) and v y (t) exhibit regular oscillations for (c 1 , c 2 , c 3 ) = (sin ϕ, 0, − cos ϕ). Irregularities in the oscillations appear for other choices of (c 1 , c 2 , c 3 ).
y -polarization
Finally, we depict the time dependence of the expectation values of position and velocity operators in Fig. 12 by considering the initial pseudospin polarization was along y-direction. We have the following choices of (c 1 , c 2 , c 3 ) such as (sin ϕ, 0, cos ϕ), (−i cos ϕ, 1, i sin ϕ), and (i cos ϕ, 1, −i sin ϕ). We take same parameter values as considered for choice 2. Similar to choice 1, we obtain x(t) = 0 and v x (t) = 0. For all possibilities of (c 1 , c 2 , c 3 ), complicated irregular oscillatory patterns are obtained in both y(t) and v y (t) .
E. Determination of frequencies involved in ZB
It would be interesting to find out the frequency components which are present in the complicated structure of ZB. As an example we consider the case in which the wave packet was polarized initially along z-direction with components c 1 =1, c 2 =0, and c 3 =0. The time dependence of v y (t) and y(t) are already shown in Fig. 7 . We make fast Fourier transformation of v y vs t data to find vealed frequencies corresponding to different values of α are given in Table I . Note that the number of frequency components depends on α significantly. We find, approximately, 8, 12, and 9 frequencies for α=0, α=0.5, and α=1, respectively. These frequencies are governed by all possible differences between Landau energy levels. In a similar way one can also find out the frequencies corresponding to the other choices of c 1 , c 2 , and c 3 .
IV. SUMMARY
In summary, we have studied ZB of a Gaussian wave packet which represents a quasiparticle in α-T 3 model. We also consider the effect of an external transverse magnetic field on ZB. The manifestation of ZB of wave packet is shown in the expectation values of physical observables like position and velocity. For zero magnetic field case, we find that the ZBs appeared in position and velocity diminish with time. The problem studied in this article is an example of two frequency ZB for a finite values of α e.g. 0 < α < 1. One frequency is originating due to the interference between conduction and valence band whereas the other frequency is a result of interference between either conduction and flat band or flat and valence band. It is revealed that ZB depends significantly on the nature of the initial pseudospin polarization. Specifically, the case with initial pseudospin polarization along z-direction is more interesting. By considering this particular spin polarization we find that ZB consists of two aforesaid frequencies for 0 < α < 1 when the initial wave packet was completely located in any of the rim sites. A transition from 2Ω q -frequency ZB to Ω q -frequency ZB is unveiled as α is varied from 0 to 1. On contrary, the existence of a single 2Ω q -frequency ZB is realized for a finite α in the case of initial wave packet being situated in the hub site. The timescales over which the ZB persists can be extracted from the approximate results of expectation values obtained in the large width limit of the wave packet. Other choices of initial pseudospin polarization have produced some interesting features. In presence of a finite magnetic field the ZB displays complicated permanent oscillations as a result of interference among large number of Landau levels. Similar to zero magnetic field case the oscillatory pattern depends on the type of initial pseudospin polarization.
